Research into plant breeding systems enables the evaluation of whether seed production depends on pollination agents and gene flow mechanisms within and among populations. This aids, in turn, the estimation of the appropriate population sizes needed to maintain both genetic and species' diversity. Little is known about plant reproductive biology in the Monte Desert (Patagonia, Argentina), a habitat threatened by desertification as a result of human impact. The mating systems, flowering phenologies and pollinator networks were studied in five representative plant species of the Monte Desert. The mating systems studied ranged from anemophilous pollen dispersion in the dioecious Atriplex lampa, to a gradient of dependence on pollinators, from the less dependent (facultative self-compatible) Gutierrezia solbrigii and two Larrea spp. (L. divaricata and L. cuneifolia) to the most dependent Grindelia chiloensis (self-incompatible). Flowering phenology was restricted to spring and coincided with pollinator abundance. Solitary bees were the main pollinator group, but beetles, flies and butterflies were also important. The four insect-pollinated species were moderately generalist, but they maintained their own pollinator assemblage. Coleopterans depended more on Grindelia chiloensis and dipterans on Gutierrezia solbrigii. Lepidopterans frequently visited Gutierrezia solbrigii and Larrea divaricata, whereas hymenopterans visited both Larrea spp. more frequently. The studied plant species are ecologically important, not only as resources for a wide range of pollinator species but also for other insects. The Monte Desert is a very disturbance-sensitive environment and, as these plant species hardly show vegetative regeneration, sexual reproduction is essential for their survival.
INTRODUCTION
In the Monte Desert (Patagonia, Argentina), there is a large diversity of plant species that have been described previously (Cabrera, 1953; Correa, 1969 Correa, -1998 Gruneisen 1996) . However, there has been little research to date on the biology of these plant species (Bertiller, Beeskow & Coronato, 1991; Aguiar et al., 1996; Bertiller, 1998) . In particular, the reproductive biology of the Monte vegetation is largely unknown (Roitman, 1995 (Roitman, , 1999 Rossi et al., 1999) . This type of information is important for pollination studies under natural conditions. A knowledge of plant breeding systems is required to determine whether seed production depends on different pollination agents, and helps in the understanding of gene flow mechanisms within and among populations (Dafni, 1992) . This is important because it aids in the estimation of the appropriate population sizes that allow the conservation of both the genetic and species' diversity of a community (van Diggelen, Grootjans & Harris, 2001) . The Monte Desert is currently under threat by desertification caused largely by introduced livestock (Tadey, 2006) , making biological studies of the area necessary for management and conservation efforts of this habitat.
The plant assemblage in the Monte Desert is characterized by insect pollination syndromes (that is, small, yellow or white flowers with pollen production); however, there are a variety of floral traits, suggesting different pollination systems. Previous research has focused on some of the most abundant species of the Monte Desert [for example, Larrea cuneifolia Cav., Larrea divaricata Cav. and Grindelia chiloensis (Cornel.) Cabrera; Rossi et al., 1999; Roitman, 1999 Roitman, , 1995 . Rossi et al. (1999) described the breeding systems and phenological patterns of three species of Larrea (L. cuneifolia, L. divaricata and L. nitida Cav.) that inhabit the Monte Desert in Mendoza province. Their study revealed that these three species are mostly self-incompatible, and show a temporal separation in the development of male and female phases (that is, protogyny at early floral stages). Larrea spp. can be considered to be incompletely protogynous, with selfing competing with outcrossing for ovule fertilization (Rossi et al., 1999) . However, the pollinator assemblages of these species remain undescribed. Roitman (1995 Roitman ( , 1999 showed that G. chiloensis has a completely self-incompatible breeding system and that it is dependent on pollinators for ovule fertilization. Roitman (1995) also described the pollinator assemblage for this species in the La Pampa province where the vegetation also corresponds to the Monte Desert physiognomy. However, exotic honeybees (Apis mellifera) were common in the area and often displaced some native pollinators (Roitman, 1995) . As the Monte Desert presents different vegetation assemblages along its distribution, pollinator species may also vary from place to place. Therefore, it is necessary to study both breeding systems and pollinator assemblages together to better understand the reproductive biology of a given plant species.
In this work, five of the most common species that inhabit the Monte Desert were studied (Gutierrezia solbrigii Cabrera, Asteraceae; Grindelia chiloensis, Asteraceae; Larrea cuneifolia and L. divaricata, Zygophyllaceae; Atriplex lampa Gill. ex Moq, Amaranthaceae). These species differ in their floral traits and have sufficiently large flowers to allow manipulation. Although some of these species have already been studied in other areas, we fill in some of the missing information of their reproductive biology. In particular, this work contributes to the knowledge of the mating systems of unstudied species, flowering phenology, dependence on pollinators and pollinator assemblages of five plant species characteristic of the Patagonian Monte Desert.
METHODS

STUDY SITE
The study area is located in north-west Patagonia, between the towns of Arroyito (39°5′S, 68°35′W) and El Chocón (39°17′S, 68°55′W), Neuquén province, Argentina. This is a temperate region with a mean annual precipitation of 180 ± 36 mm spread throughout the year. The mean annual temperature is around 15.0°C with a mean minimum temperature of 3.1°C in winter and a mean maximum temperature of 29.6°C in summer (meteorological station of El Chocón). The aridity of this area results from the combination of low precipitation, high temperatures and strong westerly winds (Paruelo et al., 1998; Tadey, 2006) .
The vegetation of this region belongs to the phytogeographical province of Monte (Cabrera, 1953) (Cabrera, 1953) .
SPECIES' DESCRIPTION
Gutierrezia solbrigii This is a common species of Patagonia, found from south of Mendoza to Chubut province (Cabrera, 1953; Gruneisen, 1996) . It is a small shrub, 15-30 cm in height, with pedicellate capitula arranged in lax corymbose cymes. Marginal flowers are white, ligulate and female. Flowers from the disc are hermaphroditic and have a tubular corolla. Fruits are hairy achenes (Correa, 1969 (Correa, -1998 .
Grindelia chiloensis
This species inhabits dry, rocky and sandy areas of the southern Monte province in Patagonia (Cabrera, 1953; Gruneisen, 1996) . It is a small-sized shrub of 30-70 cm in height, with flowers arranged in a solitary capitulum. The flowers are yellow and the fruits are oblong achenes (Gruneisen, 1996) .
Atriplex lampa
This is a native shrub of wide distribution in the Monte Desert (Cabrera, 1953) . It is found from Córdoba and Mendoza provinces to Chubut. Its height can be up to 150 cm (Gruneisen, 1996) . It is a dioecious shrub (Gruneisen, 1996) and the flowers are small, green or reddish. The fruits are utricles surrounded by two bracts (Mantován & Candia, 1995) .
Larrea divaricata
This species is distributed along the dry western area from Mexico to Patagonia (Cabrera, 1953; Gruneisen, 1996) . It is one of the largest shrubs of the region and can be up to 300 cm in height. Its flowers are solitary and yellow (Rossi et al., 1999) . The fruit is a schizo-REPRODUCTIVE BIOLOGY IN THE MONTE DESERT 191 carp that dehisces into five one-seeded mericarps (Correa, 1969 (Correa, -1998 Gruneisen, 1996; Rossi et al., 1999) .
Larrea cuneifolia
This species grows in the western part of Argentina, and is a typical species of the Monte Desert (Cabrera, 1953; Gruneisen, 1996) . It is a similar height to L. divaricata. The flowers are yellow and the fruits are schizocarps.
MATING SYSTEMS (HAND POLLINATION EXPERIMENT)
As breeding systems may vary geographically and/or under stressful conditions, it is desirable to study the breeding system of a species throughout its distribution (Dafni, 1992) . For this reason, we performed mating system experiments on all the species selected, adding to previously acquired knowledge on some species (Roitman, 1995; Rossi et al., 1999) . Between 10 and 20 plants of each species were randomly selected. In each plant, a minimum of 20 flower buds was used to apply the treatments. At bud opening, one of five treatments was applied: unbagged control flowers, naturally pollinated (C); bagged buds and hand pollination with pollen from other plants (cross-pollination, CP); bagged buds and hand pollination with pollen from the same plant (self-pollination, SP); bagged buds without any pollination (spontaneous pollination, SpP); and bagged buds with nylon and cotton bags to control for wind pollination (Wp). This last treatment was only applied to A. lampa and Gu. solbrigii, species that are presumably wind pollinated or have a mixed mating system, respectively. Cotton bags were a control for the nylon bags which can produce glasshouse effects. Flowers were checked weekly until fruit development. Finally, fruits were counted to estimate fruit set (ratio of fruits/flowers on a marked branch or capitulum). Mating system experiments were carried out during four sampling periods (spring-summer of [2001] [2002] [2003] [2004] , and then analysed together. An apomixis treatment (emasculation) was not applied because all the flowers were quite small, making it difficult to manipulate them without touching the anthers and stigma. However, apomixis is not frequent in angiosperms (Dafni, 1992) , and it has not been recorded for these species.
FLOWERING PHENOLOGY
Flowering phenology was observed during the same four spring-summer seasons (September to January). The phenology was followed throughout the flowering period, from bud to fruit development, in 70 plants of each species. For the largest shrubs (A. lampa, L. cuneifolia, L. divaricata) , three branches per plant were marked and the total number of buds per branch were counted. For Gu. solbrigii and G. chiloensis, the total number of flowers was counted initially (as buds). Then, every week during the sampling period, the numbers of buds, open flowers, senescent flowers and fruits were recorded. The dates of flowering (beginning and end), flowering and fruiting peak, the duration of the flowering period and the intensity (maximum percentage of open flowers) were estimated from the variables measured. Dates were transformed to the number of days elapsed from September 1 (day 1) and January 31 (day 153). The duration of the flowering period was estimated as the difference between the last and first day that flowers were opened.
The data obtained during 2003 were not included in the analyses because it was a very dry year and plants flowered abnormally (mean minimum temperature, 9.4°C; maximum temperature, 21°C; precipitation, 7.9 mm, with no rain in October-December).
POLLINATORS
The visitation frequency of pollinators was sampled during the spring of 2003 and 2004. Insects visiting each of the studied species were recorded by direct observations of focal plants for 10 min periods throughout the sampling seasons. We sampled as many plants in as many locations as possible, and at least three plants of each species were sampled on the same day. The visitors analysed in this work were those that had true contact with the sexual parts of the flowers and therefore were considered as potential pollinators. The number of visited flowers per visitor was also recorded and insect visitors were captured when possible for taxonomic determination. A total of 140 periods of 10 min were analysed. From this, the mean pollination frequency per plant (number of visits per plant per time) was calculated.
To estimate pollinator abundance, water traps were arranged along transects (Dafni, 1992) . Twenty traps (10 yellow and 10 violet) were set, 30 m apart, along two parallel transects randomly located within the study area. Traps were deployed at 11.00 h and removed at 14.00 h, corresponding to the period of peak pollinator activity in the study area (M. Tadey, pers. observ.) . In all, 140 traps (during 2003) and 420 traps (during 2004) were placed. Captured insects were collected and identified in the laboratory to family and morphospecies' level using the key of Borror, Triplehorn & Johnson (1989) . Some of the bee species were determined, when possible, to species' level by a local expert.
STATISTICAL ANALYSES
Differences between breeding system treatments were determined by an unbalanced factorial analysis of variance (ANOVA) with Type IV sum of squares. Plants were used as a random factor and treatments were fixed. The dependent variable was fruit set (fruits per inflorescence). When normality and homogeneity of variance were not met, the nonparametric Kruskal-Wallis test was used. In addition, an index of self-incompatibility (ISI) was calculated (Zapata & Arroyo, 1978; Dafni, 1992) . This index was calculated as: ISI = fruit set from self-pollination/fruit set from cross-pollination. Values indicate the following possibilities: > 1, self-compatible; > 0.2 < 1, partially self-incompatible; < 0.2, mostly self-incompatible; 0, completely self-incompatible. Larrea divaricata was not analysed because of a lack of replication.
A repeated measure multivariate ANOVA (MANOVA) was carried out to determine differences between years (factor) of the different phenological variables [dates of flowering (beginning and end), flowering and fruiting peak, duration of the flowering period and its intensity) for each species. A Duncan post hoc test was performed to determine homogeneous groups (that is, species with no statistical difference) for each variable. For the species Asteraceae, we estimated the number of fruits per capitulum when possible; otherwise, the number of fruits per capitulum and diameter, and the number of fruits per capitulum and area were estimated. However, the number of fruits per capitulum and area was not analysed because of mathematical artefacts (that is, values become an order of magnitude smaller when dividing by the capitulum area, and statistical differences are more difficult to detect with the same sample size; Fig. 2 ).
To describe plant-pollinator web structure, a quantitative plant-pollinator interaction matrix, Y = [yij], was constructed, with rows corresponding to plant species and columns to pollinator species; cell entries yij depict the number of interactions of j pollinator species with the i plant species recorded. Network statistics frequently used to describe the degree of specialization-generalization of plant-animal mutualistic networks were estimated (at network and species' level): dependence, H2′, pollinator and plant niche overlap, d′, plant species' degree and strength. The dependence is the web entry divided by the column totals (for pollinator level) or row totals (for plant level). This expresses the proportion of interactions with each species, and sums to unity for each. H2′ is a network level measure of specialization; it describes to what extent the observed interactions deviate from those that would be expected given the species' marginal sums. The more selective a species, the larger is H2′ for the web; it ranges between zero (no specialization) and unity (complete specialization). Niche overlap is the mean similarity in interaction pattern between species of the same trophic level; values near zero indicate no common use of niches, and unity indicates perfect overlap. The d′ index calculates how strongly a species deviates from a random sampling of interacting partners available; it ranges from zero (no specialization) to unity (perfect specialist). In the case of a pollination web, a pollinator may occur on only one plant species, but, if this species is the most dominant, there is limited evidence for specialization. Hence, this pollinator would receive a low value. In contrast, a pollinator that occurs only on the two rarest plants would have a very high value of d′. Species' degree is the sum of interactions per species, and strength is the sum of dependences of each species (Bascompte, Jordano & Olesen, 2006) . All these indices were calculated with the bipartite package of R statistical software (R Development Core Team, 2007) .
RESULTS
MATING SYSTEMS
Gutierrezia solbrigii
The number of fruits per capitulum, fruits per capitulum and diameter (measured during the first year of sampling) and fruits per flower (measured during the second year of sampling) were measured. However, during the second year of sampling, the crosspollination treatment did not produce fruits; therefore, data from this year were excluded from the analysis (Fig. 1) . The results of the first year of sampling showed significant differences between treatments (F (3,8) = 8.8, P = 0.006; F(3,8) = 9.9, P = 0.005; for fruits per capitulum and fruits per capitulum and diameter, respectively) and between plants (F(9,8) = 3.7, P = 0.04; F(9,8) = 4.9, P = 0.02; for fruits per capitulum and fruits per capitulum and diameter, respectively). The cross-pollination treatment yielded higher fruits per capitulum and fruits per capitulum and diameter than did the self-pollination and spontaneous pollination treatments (Fig. 2) . The wind exclusion treatment did not produce fruits. The selfcompatibility index of Gu. solbrigii was 0.46 for fruits per capitulum and 0.53 for fruits per capitulum and diameter. The control treatment showed higher fruit production than did the cross-pollination treatment, which may be a result of ineffective hand pollination as a consequence of the small flower size which complicates manipulation. However, the low fruit set produced in the control treatment and the even lower production by the self-pollination and spontaneous pollination treatments may indicate some selfincompatibility mechanism, such as a floral structure that prevents selfing or asynchrony of the male/ female phases (Dafni, 1992; Cruden, 1997) . Also, inbreeding depression may occur.
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Grindelia chiloensis
To determine the differences between breeding system treatments in the number of fruits per capitulum, fruits per capitulum and diameter and fruits per flower, the Kruskal-Wallis test was used because ANOVA assumptions were not achieved. Significant differences between treatments were found for the three variables (H (3) = 37.4, N = 66, P < 0.0001; H(3) = 37.4, N = 57, P < 0.0001; H(3) = 31.9, N = 41, P < 0.0001; fruits per capitulum, fruits per capitulum and diameter, fruits per flower, respectively). These variables showed similar tendencies: self-pollination and spontaneous pollination treatments showed almost no fruit production, whereas control and cross-pollination treatments showed higher fruit set (Figs 1, 2) . The self-incompatibility index varied from 0.08 to 0.11, depending on the variable used. The low fruit production observed in self-pollination and spontaneous treatments could be a result of incomplete insect exclusion.
Larrea cuneifolia and L. divaricata
Differences between breeding system treatments in L. cuneifolia were determined by a Kruskal-Wallis test and no significant difference was observed (H (3) = 1.63; P = 0.65; N = 35). However, the cross-pollination treatment showed a mean fruit set slightly higher than the rest (Fig. 1) . The self-compatibility index for L. cuneifolia was 0.8. That for L. divaricata was not calculated because fruit set from marked flowers was not sufficiently high for statistical analysis.
Atriplex lampa
Significant differences in fruit set were observed between treatments (F (2, 15) = 39.9; P < 0.0001) and plants (F(23, 15) = 3.3; P = 0.01) for A. lampa. The mean fruit sets for control and spontaneous treatments were similar, and these were higher than for the wind exclusion treatment, in which no fruit was produced (Fig. 1) .
FLOWERING PHENOLOGY
Flowering phenology was significantly different between the studied species (Wilks lambda = 0.15, F(28,2493) = 18 776, P < 0.0001) and between years (Wilks lambda = 0.39, F(14,1382) = 59, P < 0.0001). A significant interaction between year and species was observed (Wilks lambda = 0.55, F(56,3726) = 7.8, P < 0.0001). Univariate analyses showed that all variables differed between species and years (all P < 0.001).
The first species to flower were A. lampa and L. cuneifolia, followed by G. chiloensis, and then L. divaricata and Gu. solbrigii (Fig. 3) . The same order was observed for the end of blooming and flowering peak (Fig. 3) . Atriplex lampa had the shortest bloom- ing duration, and the duration was similar for the other species (Fig. 3) . In general, the flowering phe- observed or captured individuals), followed by beetles (~10-15%), flies (~5-10%) and butterflies (Fig. 4B,  C) . Both sampling periods (2003 and 2004) showed similar pollinator assemblages, in terms of both composition and abundance (Fig. 4C) . However, during 2003, some insect species were not present because of drought or, perhaps, annual variation. Larrea cuneifolia, L. divaricata, G. chiloensis and Gu. solbrigii were moderately generalist (i.e. visited by more than one pollinator species; H2′ index = 0.51). Larrea divaricata was the most generalist plant species (d′ = 0.45, degree = 31, strength = 21.1) followed, in decreasing order, by L. cuneifolia (d′ = 0.36, degree = 17, strength = 8.9), Gu. solbrigii (d′ = 0.66, degree = 16, strength = 9.2) and G. chiloensis (d′ = 0.64, degree = 12, strength = 6.9) (Fig. 5) . These plant species were visited by different pollinator species, and both pollinator and plant niche overlaps were low (0.38 and 0.29, respectively), indicating modestly shared species (Fig. 5) . Nevertheless, all plant species were mainly visited by bees (Fig. 4A) . Hymenopteran pollinators consisted of six families (Andrenidae, Apidae, Colletidae, Halictidae, Megachilidae and Vespidae (with nine, seven, four, two, six and two species, respectively). Coleoptera, Lepidoptera and Diptera were only separated in terms of morphospecies, with four, four and eight morphospecies, respectively. Both Larrea spp. were visited mainly by bees, but were also pollinated by flies and butterflies, although these groups differed in their importance between Larrea spp. For L. divaricata, the second most important group of pollinators was flies, whereas, for L. cuneifolia, it was butterflies. Both members of Asteraceae (G. chiloensis and Gu. solbrigii) showed differences in pollinators. Despite these plant species being more frequently visited by bees, the other groups of pollinator were also important (Fig. 4A) . Grindelia chiloensis was visited in decreasing order by solitary bees, beetles and butterflies, and Gu. solbrigii was visited by bees, flies, butterflies and beetles. A similar pattern was supported by the dependence calculated on pollinator species with the network analysis. The number of pollinator species with a dependence higher than 0.5 with respect to the total for each group showed that coleopterans depended more on G. chiloensis (4/4), whereas dipterans depended more on Gu. solbrigii (3/4) and lepidopterans on both Gu. solbrigii (1/4) and L. divaricata (1/4). Finally, hymenopterans depended more on L. divaricata (20/33) and, secondly, on L. cuneifolia (6/33).
DISCUSSION
This study examined the mating systems, dependence on pollinators, flowering phenology and pollinator assemblages of five native plant species from the Monte Desert. Although this work focused on a semidesert ecosystem, which is usually assumed to be less diverse, we found a great diversity in breeding systems. Among the five plant species studied, one was a wind-pollinated dioecious species (A. lampa), and the rest showed different sexual systems and degree of dependence on pollinators. Three species (L. cuneifolia, L. divaricata and Gu. solbrigii) showed different degrees of partially self-incompatible breeding systems, although L. divaricata was not analysed in this work. This was supported by the hand pollination experiment and the values of the self-incompatibility indices. This is consistent with previous research which has demonstrated that both Larrea spp. show high levels of self-pollination and fruit production despite temporal separation of their sexual parts (that is, protogyny in the early stages) (Rossi et al., 1999) . Nevertheless, these plant species depend on pollinators for a better fruit set (higher quantity and quality of seed and fruit production), suggesting the presence of self-incompatibility mechanisms (Rossi et al., 1999) . Grindelia chiloensis showed a self-incompatible system and an obligate dependence on pollinators for fertilization, as found by Roitman (1995) . Diversity in breeding systems was also reflected in the different floral structures, advertisements, rewards and sexual systems. All of these features, and the timing and duration in which they occur, have implications for pollinator behaviour and, therefore, reproductive success . The flowering phenology of these species occurred during the spring season, from October to early December (Gruneisen, 1996; Rossi et al., 1999) . Blooming that occurs over a short period is typical of habitats with climatic stress, as demonstrated in the studied area, where phenological synchrony occurs at the individual, population and community levels (Borchert, 1994a; Killmann & Thong, 1995) . Despite this, the flowering phenology was significantly different between the studied species and years (Fig. 3) . Different flowering phenology between years is likely to be influenced by climatic features, such as seasonality, temperature variation, water availability and photoperiod (Rathcke & Lacey, 1985; Inouye, Saavedra & Lee-Yang, 2003) . For example, Pannell & Ojeda (2000) determined that water availability conditioned the flowering and fruiting frequency of Phillyrea angustifolia L. Lower temperatures and higher precipitation occurred during 2004 and may have been the cause of an earlier, shorter and less intense blooming and fruiting of these species in that period. However, high temperatures and low precipitation during 2003 (only 94 mm in total, 0 mm in October-December) caused an abnormal flowering in that year (Paige, 1992; Juenger & Bergelson, 1997; Freeman & Brody, 2003) . A second blooming occurred at the end of the summer in 2003, when weather conditions improved (M. Tadey, pers. observ.) . This blooming pattern was also observed, during dry years, by Rossi et al. (1999) in Larrea spp. from the westcentral Monte of Argentina. Both cold and drought may produce severe damage to parts of or to the entire plant, leading to physiological disruptions that interfere with the plant growth cycle (Borchert, 1978; Boyer, 1988) , and may uncouple the blooming peak from the pollinator abundance peak, with consequences in pollination success (Tadey, 2007b) .
The presence of pollinators was tightly synchronized with flowering phenology (M. Tadey, pers. observ.). Pollinators consisted mainly of (in decreasing order) solitary bees, beetles, flies and butterflies. This was in accordance with previous work from arid and semi-arid regions, which showed that bees were abundant in these habitats (Devoto, Medan & Montaldo, 2005) . The four insect-pollinated plant species studied were generalist (i.e. visited by more than one pollinator species), but estimated niche overlap was low. This suggests that each plant species has its own pollinator assemblages and shares only modestly pollinators with other species. In general, these plant species were more important for plant-pollinator REPRODUCTIVE BIOLOGY IN THE MONTE DESERT 199 mutualism than their pollinators; L. divaricata and Gu. solbrigii were the most important. From the insect perspective, G. chiloensis was more important for coleopterans, Gu. solbrigii was the principal resource for dipterans and lepidopterans fed on both Gu. solbrigii and L. divaricata. Finally, hymenopterans depended more on L. divaricata, and then L. cuneifolia, which are the most abundant plant species in the study region. This last observation may be a consequence of plant abundance or pollinator preferences. In any case, the most abundant plant species strongly interacts with the most abundant insect group, suggesting that these plant species are critical for ecosystem function (Tadey, 2007b) . All of these plant species are an important food resource for at least 50 insect species, which, in turn, are critical for the reproduction of other co-existing, abundant and ecologically relevant plant species not studied in this work.
In animal-pollinated and mainly outcrossing plant species, such as those studied in this work, a decrease in population size and fragmentation of natural areas may have important effects on reproductive success (Sih & Baltus, 1987; Petanidou et al., 1995; Tadey, 2007a) . To what extent the different plant species will be affected by disturbance will partially depend on their reproductive systems. For instance, if pollinator populations are affected by fragmentation or disturbance (for example, the introduction of exotic grazers), the plant species dependent on them could be more affected than selfers (Aizen & Vázquez, 2006; Tadey, 2007a) . If this is the case, G. chiloensis could be the first species to suffer disturbance, decreasing its outcrossing rate and therefore its reproductive success. However, as pollinators in the study area were composed mostly of hymenopterans, any reduction in their population size would also seriously affect the reproduction of L. divaricata and L. cuneifolia. Alternatively, if plant populations are reduced, the dioecious wind-pollinated (for example, A. lampa) and obligate outcrossing (G. chiloensis) species would be more seriously affected. Between these extreme cases, there is a range of mating systems that may respond differently to disturbances or fragmentation, some of which were represented in the five plant species included in this study (Tadey & Farji-Brener, 2007; Tadey, 2007a) . The Monte Desert is a very disturbance-sensitive habitat in which vegetative regeneration is difficult because of drought conditions (Boyer, 1988; Bertiller et al., 1991; Borchert, 1994b; Kozlowski & Pallardy, 2002) , and sexual reproduction (that is, seed set) therefore becomes essential for the maintenance of these plant species. Insect pollination plays a critical role in this process. Plant breeding systems, flowering phenology and pollinator behaviour are essential processes aiding in the understanding of gene flow mechanisms within and between populations. These processes contribute to the maintenance and increased genetic variation of species, which, in turn, enables them to survive and evolve in fluctuating environments (Frankel & Soulé, 1981) . Therefore, it is relevant to analyse genetic diversity levels and population sizes of species subjected to disturbance when suggesting conservation strategies and sustainable management guides (Willems, 2001; van Diggelen et al., 2001) . In this sense, the study of plant reproductive biology aids in the estimation of population sizes that allow the conservation of genetic and, subsequently, species' diversity.
